On the basis of rational molecular design, the tricolour luminescence switching of an Ir(III) complex is achieved for the first time. The transformation between two crystalline states and an amorphous state is responsible for the switching behaviour of this complex between blue, green and yellow states. Solvent molecules are shown to play a crucial role in the crystallization and luminescence processes.
Piezochromic luminescent (PCL) materials, the emission properties of which are responsive to mechanical stimuli, have captured extensive attention in the construction of mechanosensors, security inks, optical data recording and storage devices. 1 A variety of PCL materials have been reported to date, but most of them only display reversible bicolour switching. 2 PCL materials possessing multiple luminescent colours remain rare due to the lack of universal design principles. 3 The polymorphs of organic dyes usually show different emission properties because of their dissimilar molecular arrangements, 4 and thus, utilizing the transformation between them should be a promising approach to achieve multicolour luminescence switching. 5 Compared to bicolour switching materials, multicolour counterparts have enhanced colour contrast and patterning, which is beneficial for the practical applications noted above. Reported multicolour examples include small organic molecules, 6 liquid crystals, 7 amphiphilic molecules, 8 multi-component assemblies, 9 polymers, 10 gold(I) 11 and platinum(II) 12 complexes.
Nowadays, Ir(III) complexes are established as an excellent class of phosphorescent emitters for various optoelectronic applications. 13 Several Ir(III) complexes, including the classical fac-Ir(ppy) 3 , have been shown to be polymorphic. 14 However, it appears that no experimental results are available for the multicolour luminescence switching based on Ir(III) complexes. Therefore, it is of great significance to explore whether Ir(III) complexes can provide a new family of multicolour PCL materials.
To address this issue, a novel cationic Ir(III) complex [Ir(Mesptz) 2 Mtzpy] + PF 6 À , (''complex 1'' hereafter), in which Mesptz is 1-mesityl-5-phenyl-1H-1,2,4-triazole and Mtzpy is 2-(1-methyl-1H-tetrazol-5-yl)pyridine, was rationally designed on the basis of the following considerations. First, the bulky mesityl group on the ligands should increase the intermolecular distances thereby inducing a loose crystal structure, 15 which is more prone to collapse into an amorphous state under external pressure. 16 In general, the transition toward an amorphous phase might alter the emission of crystalline luminophores, resulting in PCL behaviour. 2 Second, previous studies indicate that polymorphism is more favoured in heterocyclic compounds, perhaps because the interactions caused by heteroatoms, such as C-HÁ Á ÁN and C-HÁ Á ÁO hydrogen bonds, provide more opportunity to form different crystal structures. 17 Therefore, triazolyl and tetrazolyl groups were introduced into complex 1 to facilitate the formation of polymorphs. Third, as recognized by a number of studies on the aggregation-induced emission (AIE) or aggregation-enhanced emission (AEE) phenomena, the restriction of intramolecular rotations and/or vibrations usually leads to a remarkable emission enhancement. 18 Accordingly, relatively rigid ligands were employed to weaken the intramolecular motions, 19 and thereby to endow complex 1 with an intense phosphorescence.
As a result of these combined design features, three powder samples of complex 1 with different emission colours, blue, green and yellow, were observed. These three samples (hereafter referred to as B-form, G-form and Y-form, respectively) can be switched repeatedly by mechanical stimulation or solvent treatment. Moreover, their highly efficient solid-state emissions are conducive to practical applications, and a simple proof-ofconcept tricolour optical recording device was constructed using this complex as the active material. To the best of our knowledge, this is the first Ir(III) complex that displays tricolour luminescence switching.
The target complex 1 was prepared in high yield following a previous method (see the Scheme S1, ESI †). Complex 1 is weakly luminescent in dilute acetonitrile solution but displays a strikingly enhanced emission in acetonitrile-water mixture with a 90 vol% water fraction, confirming that complex 1 is AEE-active ( Fig. 1b ). 18 Transmission electron microscopy and electron diffraction experiments demonstrated that amorphous aggregates of complex 1 are formed in the mixtures with high water contents ( Fig. S2a and b , ESI †). 20 Furthermore, rigidifying the molecules by doping complex 1 into PMMA matrices leads to a significant enhancement of emission intensity even at a very low doping concentration of 0.05 wt% ( Fig. S2c , ESI †). Therefore, we tentatively ascribe the mechanism of AEE to the restriction of intramolecular rotations and vibrations. 21 The B-form and G-form, two original powder samples, were obtained by recrystallization of complex 1 from the mixed solvents of toluene-dichloromethane and ethanol-acetonitrile, respectively. Under UV-light irradiation, the B-form exhibited a bluish-green emission peak with the maximum (l max ) at 492 nm, whereas the G-form emitted green phosphorescence (l max = 515 nm) ( Fig. 1d ). Both of the samples can be transformed into a yellow-emitting powder (Y-form, l max = 559 nm) upon mechanical grinding with hand pressure in a mortar, demonstrating their PCL characteristics ( Fig. 1c and d) . After wetting Y-form with toluene, the emission colour reverted rapidly to bluish-green. Correspondingly, the emission of Y-form can be returned to green by the dropwise addition of ethanol, in a few seconds. It should be noted that complex 1 is slightly soluble in toluene and ethanol. In addition, when the solvent-treated samples were further ground, a red-shifted emission reappeared again. This tricolour switching process is highly reversible for several cycles (Fig. 1e ). The photophysical characteristics of the B-, G-, and Y-forms are summarized in Table 1 .
As illustrated in Fig. S3 (ESI †), the similar 1 H NMR spectra of all three samples (B-, G-and Y-forms) imply that their tricolour switching behaviour is a physical process rather than a chemical reaction. 22 Hence, to understand the origin of this process, the powder X-ray diffraction (PXRD) patterns of the B-, G-and Y-forms were obtained. The B-and G-forms displayed several intense and sharp reflection peaks, indicating their well-ordered crystalline nature ( Fig. 2a ). In contrast, these diffraction peaks disappeared or became weaker and broader after grinding, suggesting that the Y-form is a disordered amorphous phase. By treating Y-form with toluene or ethanol, the diffraction peaks similar to the those of B-form or G-form appeared again, which confirmed that their crystalline structures were recovered. Consequently, the red-shift of the emission triggered by grinding can be ascribed to a crystalline-toamorphous phase transition.
The diverse PXRD patterns of B-and G-form suggest that their different emission properties are associated with their molecular arrangements. In order to verify this proposition, single crystals (B-crystal and G-crystal) suitable for X-ray structural analysis were obtained by slow evaporation from a saturated toluene solution, or by cooling a hot ethanol solution. The simulated diffraction peaks of B-crystal and G-crystal are consistent with the PXRD data of B-form and G-form, respectively, manifesting their similar crystal packing ( Fig. 2a ). Both B-and G-crystal belong to the monoclinic system and crystallize in the P2 1 /c space groups. The molecules adopt antiparallel coupling in B-crystal; whereas in G-crystal, each pair of molecules packs in a herringbone fashion as shown in Fig. S4a (ESI †) . As expected, their molecular packing is very loose and therefore can be easily modified by the external pressure, leading to the aforementioned PCL behaviour.
There is a noteworthy distinction between B-and G-crystal in the molecular conformation, especially in the extent of ligand distortion (Fig. 2b) . In terms of cyclometalated ligands, the dihedral angles between the phenyl and triazolyl groups in B-crystal are 5.301 and 5.461, which are smaller than the values of 8.531 and 7.831 in G-crystal. Besides, the Mtzpy N^N ligand is more twisted in B-crystal than in G-crystal, with the dihedral angle being 9.101 in the former and 6.951 in the latter (Fig. S4b, ESI †) .
To probe the effect of molecular conformation on the emission characteristics, quantum chemical calculations were performed. The molecular orbitals involved in the excitation, as well as the important electronic transitions, are depicted in Fig. 2c . According to the calculated results, the distributions of the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) are similar in both the B-form and G-form. As expected, the mesityl groups of the cyclometalated ligands do not contribute to the frontier orbitals. 15 The HOMOs mainly reside on the iridium centre and the phenyltriazole fragments of the cyclometalated C^N ligands, while the LUMOs primarily localize on the N^N ligand, therefore the Mtzpy ligand is not considered to be ancillary. Therefore, the molecular orbital energy levels of 1 should be strongly affected by the conformation of relevant ligands. Although the structural differences between B-and G-forms are small (Fig. 2b) , it is considered that the more planar phenyltriazole fragments help to stabilize the HOMO energy level of B-form. Meanwhile, the more twisted Mtzpy ligand in B-form gives rise to its higher LUMO energy level. As a consequence, the molecular conformation of B-form would lead to a larger HOMO-LUMO energy gap. Interestingly, timedependent density functional theory (TD-DFT) calculations establish that the T 1 state of complex 1 mainly originates from the excitation of HOMO -LUMO (92.2% and 87.7% for B-form and G-form, respectively). Hence, the emission of B-form is apparently blue-shifted compared to that of G-form.
In addition, the intermolecular interactions caused by heteroatoms were observed, as anticipated. However, we had not predicted that multiple interactions related to solvent molecules would exist in these two crystals (Fig. 3a) . In the B-crystal, three kinds of C-HÁ Á Áp hydrogen bonds (interaction I, II and III) are formed between complex 1 and toluene molecules with the interaction distances of 2.81 Å, 2.43 Å and 2.81 Å, and the interaction angles of 154.01, 135.81 and 135.41, respectively. In the case of the G-crystal, there are multiple interactions. These are between the ligands of complex 1 (C-HÁ Á ÁN IV, 2.47 Å, 152.21), and involving the PF 6 À and ethanol molecules through C-HÁ Á ÁF (V, 2.50 Å, 175.21), O-HÁ Á ÁF (VI, 2.17 Å, 159.41), and C-HÁ Á Áp (VII, 3.09 Å, 126.71) interactions. Thus, it is rational to propose that solvent molecules also participate strongly in the crystallization process. Given the different molecular arrangements and conformations of B-, G-and Y-forms, the thermal stability of these three samples was evaluated by thermogravimetric analysis (TGA). The decomposition temperature of Y-form is lower than that of both B-and G-forms, which should be attributed to the amorphous nature of Y-form (Fig. 3b) . Moreover, there are no endothermic or exothermic peaks prior to the decomposition temperature in the differential scanning calorimetry (DSC) curves of B-form or G-form (Fig. 3c ). Upon heating Y-form to ca. 220 1C, the DSC curve only shows an endothermic melting point peak due to different molecular aggregation states. 23 Indeed, without the indispensable solvent molecules, the transformation among the different forms cannot be achieved by thermal treatment, which further validates the essential role of solvent molecules.
By exploiting the tricolour switching property of complex 1, a simple patterned optical recording system visualized as a tree was fabricated in an agate mortar (Fig. 3d ). The procedure was as follows: first, Y-form was spread evenly on the mortar, exhibiting a yellow emission under photoexcitation. Then, a green-emitting crown and a blue-emitting sky were drawn by using a glass capillary with ethanol or toluene. A part of the Y-form sample was retained as a tree-trunk. Finally, this pattern could be erased by mechanical grinding with hand pressure, recovering the original yellow background. This drawing and erasing process was repeated for many cycles without any obvious performance degradation.
In summary, tricolour luminescence switching has been observed in an Ir(III) complex for the first time. Complex 1 can form two different crystal structures, and the transformation between two crystalline states and an amorphous state leads to tricolour switching behaviour. Solvent molecules are shown to play a crucial role in the crystallization and luminescence processes. It is proposed that the different emission characteristics of B-form and G-form should be ascribed to their distinctions in molecular arrangement, conformation and intermolecular interactions. The clear and reversible tricolour luminescence switching feature makes complex 1 a competitive candidate for practical applications. More importantly, it is envisioned that our molecular design strategies will provide valuable guidelines for developing ideal multicolour switching luminescent materials in the future. This work was funded by NSFC (no. 51473028), the Key Scientific and Technological Project of Jilin Province (20190701010GH), and the Development and Reform Commission of Jilin Province (20160058). M. R. B. thanks EPSRC grant EL/L02621X/1 for funding.
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